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Lakes as Indicators of 
Ecosystem Stress/Change 





The Science

• 1844   General John Fremont discovers Tahoe
• 1860s  Basin clear cut for Comstock Mines
• 1887   John LeConte first measurements
• 1937   Hutchinson and Kemmer
• 1958   Goldman measurements
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Working Hypothesis

Successful implementation of land, air 
and water quality restoration projects is 
considered the only likely avenue 
available to reduce the accelerated 
decline in lake clarity.







Changing Phytoplankton 
Response to Nutrient Additions









Lake Tahoe Basin
A Changing Watershed

• Significant portions are urbanized
• Increased resident population
• Millions of tourists
• Peak VMT >1,000,000 miles/day
• Loss of wetland and runoff infiltration
• Extensive road network
• Land disturbance - soil erosion
• Air pollution
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Outlier Lead to Consider Depth of Mixing



Decline in Water Clarity
(Data from UC Davis - Tahoe Research Group)
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Lake Issues



Lake Clarity as a Mangement 
Endpoint

Unraveling the Causes for the Decline



Changing Landscape has Lead to 
Following Lake Issues

• Loss in transparency
• Increased algal growth
• Changes in biodiversity
• Higher load of nutrients and fine-sediment
• Wetland/riparian habitat loss
• Invasion of non-native biota
• Appearance of toxics (e.g. PCB, Hg, MTBE)



Unraveling Cause(s) for 
Declining Water Clarity

• Stimulation of algae by increased nutrients
• Fine-sediments also have reduced clarity
• Lake response time to equilibrium requires 

decades
• Progressive accumulation of nutrients has lead 

to long-term transparency decline
• No longer able to dilute pollutants sufficiently 

to avoid eutrophication



Working Hypothesis Used in
Tahoe Basin

Successful implementation of land, 
air and water quality restoration
projects is considered the only likely
avenue available to reduce the
accelerated decline in lake clarity.



Solutions Require Quantitative 
Load Reduction Targets

• Historically, science identified need for 
nutrient/sediment reduction.

• Silent on question of level of reduction.

• Quantifiable targets for loading and load 
reduction are needed.



Conceptual Clarity Model



Lake Tahoe Basin
A Changing Watershed

• Significant portions are urbanized
• Increased resident population
• Millions of tourists
• Peak VMT >1,000,000 miles/day
• Loss of wetland and runoff infiltration
• Extensive road network
• Land disturbance - soil erosion
• Air pollution



MTBE in Lake Tahoe 
Surface Waters
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Occurrence of MTBE in Groundwater 

>20% of South Tahoe municipal supply wells 
contaminated or threatened by MTBE plumes in 1998.

LUFT Sites

Water Supply Wells



Toxic Organics in Fish



Regional Transport of Mercury



Organizing Science for Management 
Using the TMDL Approach

• Definition: Amount of a specific pollutant that a 
waterbody can receive and maintain its beneficial 
uses

• US EPA/California approach for managing non-
point source pollution

• Good fit with our Working Hypothesis
• UCD Lake Tahoe research working towards this 

goal for past decade



Define the Problem and 
ID Pollutants

• CEHR research has identified a number of 
pollutants which have been found in the 
otherwise pristine waters of Lake Tahoe



TMDL Elements

• Define problem
• Define numeric targets
• Identify pollutant 

sources
• Linkage between 

loading and response
• Pollutant allocation
• Monitoring needs



Study of Lake Tahoe Particles
Size Distribution
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Study of Lake Tahoe Particles
Composition
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Identify Sources and Evaluate 
Pollutant Loading

• Water budget
• Nutrient budget
• Stream phosphorus transport
• Stream sediment transport



P - Removal by Natural Wetlands 
in Tahoe Basin

• Existing natural wetlands 
= 75.8 ha

• Mean P accumulation 
based on wetland cores     
= 0.22+/-0.05 g P/m^2/yr

• To remove significant 
amounts of P a much 
larger wetland is needed

• Under current hydrology, 
natural wetlands may not 
be answer
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P - Removal by Constructed 
Wetlands at Tahoe City

• New research 

• Preliminary results 
showing an 80% 
reduction in most 
pollutants

• P-accumulation 
calculated at 1.1g 
P/m^2/yr, ie. 5x 
natural wetland

TCWQIP (preliminary data through 4
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Key Points
• Watershed and air quality-based 

restoration is the only avenue to 
arrest the decline in clarity

• A science based understanding is 
essential for management and 
planning
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CEHR 
An Enlightening Experience
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